Objective: To assess the risk of squamous cell carcinoma (SCC) and the relation of dose to risk among groups of patients with psoriasis exposed to psoralen-UV-A (PUVA).
O
RAL PSORALEN-UV-A radiation (PUVA) is an effective and widely used treatment for psoriasis. First used more than 20 years ago, PUVA is recognized as one of the most valuable treatments for psoriasis. 1 Psoralen-UV-A is, however, mutagenic and is considered a standard for photocarcinogenesis studies in animals. 2 In 1975, the first 1380 patients to be treated with PUVA for psoriasis in the United States enrolled in a long-term prospective study of PUVA therapy (The PUVA Follow-up Study). [3] [4] [5] Reports from this multicenter study have demonstrated that in this population longterm exposure to PUVA increases the risk of squamous cell carcinoma (SCC) and that this risk increases with greater exposure to PUVA. 4, 5 These findings have been controversial. Other groups in the United States and Europe have published their findings based on observations of groups of patients with psoriasis (and in some cases other diseases) who have had long-term exposure to PUVA but whose overall exposure to PUVA has been lower. [6] [7] [8] [9] [10] [11] [12] [13] The published studies of the occurrence of skin cancer among patients exposed to PUVA vary substantially in their methods, population studied, and results. We undertook a meta-analysis of 8 studies published in the English language from groups other than the PUVA Follow-up Study 5 which provided information on the occurrence of nonmelanoma skin cancer (in a group of at least 150 patients primarily with psoriasis followed up for at least 5 years. [6] [7] [8] [9] [10] [11] [12] [13] Based on the data available from these articles, we calculated the incidence of SCC, the relation of incidence to level of exposure to PUVA, and the ratio of SCC to basal cell carcinoma (BCC) overall and according to level of exposure to PUVA. To assess the extent to which these findings concerning SCC risks and PUVA therapy are consistent, we compared the individual and aggregate findings of these 8 studies [6] [7] [8] [9] [10] [11] [12] [13] with the published findings from the PUVA Follow-up Study. Table 1 provides a summary of the characteristics of the patient populations in the 9 studies analyzed. Except for the PUVA Follow up Study, 5 all studies were retrospective cohort studies. Six of the 8 studies reported on completeness of follow-up. [6] [7] [8] [9] 11, 13 The percentage of patients eligible for follow-up who had complete follow-up ranged from 43% to 78%. The PUVA Follow-up Study followed up more than 90% of patients for at least 5 years. 5 The study by Lindleof et al 10 was unique, since it used record linkage between a registry of PUVA-exposed patients and the Swedish Cancer Registry. It is likely to have complete ascertainment. In addition to the PUVA Follow-up Study, studies reported average age at enrollment.
RESULTS
6,9-11 These ages were not substantially different from each other or the PUVA Follow-up Study 5 (average age range, 43-50 years). Males outnumbered females in 5 of the 7 studies with these data provided, including the PUVA Follow-up Study. 5 The PUVA Follow-up Study 5 and the study by Chuang et al 7 were based in the United States. The remaining 7 studies were of European populations. 6, [8] [9] [10] [11] [12] [13] Nearly all patients studied were of European ancestry.
The average duration of follow-up, study group size (Table 1) , and extent of exposure to PUVA varied greatly among the studies. As a result, both the number of tumors expected and the precision of estimates vary greatly among studies. Table 2 lists the incidence per 1000 person-years for SCC overall and among patients exposed to high and low levels of PUVA. The incidence of SCC varied greatly among studies, even within dose groups. Among high-dose patients, all other studies reported incidence rates substantially less than the 65 per 1000 person-years calculated for high-dose patients in the PUVA Follow-up Study. 5 For 4 of 8 studies reporting results among patients with low-exposure to PUVA, no SCCs were noted. 6, 8, 11, 12 Every study noted a higher incidence of SCC among members of the study group exposed to higher doses of PUVA. In addition to the PUVA Follow-up Study, 5 a point estimate of the IRR for SCC for high-vs low-dose groups can be calculated for 4 studies. For these 4 studies, the IRRs ranged from 7 to 13 (highvs low-dose PUVA). In 4 additional studies, the point estimate was infinite. For these 4 studies the lower bound of the 95% confidence interval in every case was more than 1 (ie, risk was significantly higher for high-dose patients). For the 8 studies other than the PUVA Follow-up Study, the pooled estimate of the IRR for SCC for high-vs low-dose PUVA equals 14.0 (95% confidence interval, 8.3-24.1). Therefore, the estimate of the increase in risk of SCC for high-compared with low-dose exposure to PUVA is significantly higher for these studies compared with that calculated by the PUVA Follow-up Study (IRR high vs low, 5.9). 5 In addition to the PUVA Follow-up Study data, 5 7 of the 8 studies 6-9,11-13 provided incidence data on BCC. As detailed in Table 3 , in 5 of 7 studies the number of SCCs detected among patients exposed to high doses of PUVA was greater than the number of BCCs. [7] [8] [9] [10] [11] [12] [13] Overall, among patients exposed to high doses of PUVA the ratio of SCCs to BCCs was 3:1 (Table 3) , a ratio almost identical to the 2.7:1 ratio reported for the PUVA Follow-up Study. 5 Among patients exposed to low doses of PUVA, all studies that documented BCCs detected more BCCs than SCCs (Table 3) .
COMMENT
Using meta-analysis, we have assessed the extent to which the published findings from different patient groups with psoriasis and exposed to PUVA studied in the United States and Europe provide consistent estimates of the risk of SCC associated with high-dose exposure to PUVA. Our analysis demonstrates both striking areas of agreement as well as some substantial differences among the find-
MATERIALS AND METHODS
Using the MEDLINE, Healthstar, Aidsline, and Cancerlit databases, we attempted to ascertain all studies published reporting on the nonmelanoma skin cancer experience for patients primarily with psoriasis exposed to oral PUVA with an average follow-up of at least 5 years. We initially identified 49 studies. For cohorts that had been subject to multiple analyses over time, we relied only on data from the most recent publication identified by us in March 1998. We limited our analysis to studies from the United States and Europe that enrolled at least 150 patients followed up at least 5 years and published after 1984. In addition to the PUVA Follow-up Study, we identified 8 studies that met these criteria. For each study, we abstracted the following types of data: number of patients enrolled, number followed, person years of follow-up, average age at enrollment, and percentage of male. We also attempted to determine the number of individuals and years of exposure among patients exposed to high and low doses of PUVA. Whenever it was possible, we defined high dose as more than 200 treatments or 2000 J/cm 2 and low dose as less than 100 treatments or fewer than 1000 J/cm 2 . If data in the study were not available in a format that permitted analysis using either of these definitions for dosage, the definition of high-and lowdose PUVA as defined by the author(s) of the individual study was used. On the basis of the tumor experience reported in each article, we attempted to calculate an overall incidence rate for SCC as well as incidence rates per 1000 person-years among patients exposed to high and low doses of PUVA. From these data we then calculated the incidence rate ratios (IRRs) for high-vs low-dose exposure groups (ie, the ratio of the incidence of tumors per 1000 person-years of follow-up) in the high-dose group compared with that in the low-dose group. To calculate summary IRRs and estimate the confidence intervals for individual report results we used exact methods. 14, 15 We also calculated the ratio of BCCs to SCCs overall, and according to level of exposure to PUVA for each study and overall, and compared these ratios with the ratio we have reported for the PUVA Follow-up Study.
ings of these studies. The greatest difference in the findings among the studies we reviewed was the overall incidence of SCC. Reported incidence rates varied from 1 to 4 per 1000 person-years. These incidence rates are dramatically lower than the incidence of 20 per 1000 personyears for the PUVA Follow-up Study. 5 However, once SCC incidence was stratified according to exposure to PUVA, the rates for patients exposed to high doses of PUVA were more similar, ranging from 4 to 20 SCC per 1000 personyears for the 8 other studies compared with an incidence of 65 per 1000 person-years in the PUVA Follow-up Study. 5 A number of factors probably account at least in part for differences in SCC risk among studies within dose groups. First, studies varied in the characteristics of the populations studied they were from many different countries and the incidence of SCC varied greatly among the regions studied. As detailed in Table 4 , even northern areas of the United States have incidence rates of SCC for men that are 5 to 8 times higher than in Sweden. 16, 17 Rates for women living in the northern US are 3 times those for Swedish women. Rates in the Netherlands 18 and Switzerland 19 are also significantly lower than estimated rates for northern areas of the United States (Table 4) . For patients exposed to high-dose PUVA, adjusting for differences in baseline rates of incidence rates of SCC between the United States and Europe results in comparable incidence estimates for SCC in all European studies and the PUVA Follow-up study. 5 The average dose among high-dose patients is higher for the PUVA Follow-up Study cohort 5 than for the other study groups. Since risk is likely to increase with dose in a continuous fashion, the US cohort, 5 who had the greatest exposure to PUVA and the highest baseline incidence of SCC, would be expected to have the highest incidence of tumors. In addition, the PUVA Follow-up Study was the only prospective study and had the highest follow-up rate. Therefore, more complete ascertainment of tumors would be expected than for other studies, except perhaps for the study of Lindelof et al. *SCCs indicates squamous cell carcinomas; BCCs, basal cell carcinomas; PUVA, psoralen-UV-A; and ellipses, not applicable. See the "Materials and Methods" section for definitions of high and low doses.
†Population rate count 1 tumor in each calendar year even if a patient developed multiple tumors in 1 year. ‡Includes 3 patients with inflammatory conditions other than psoriasis, and includes oral and PUVA bath.
§Number of patients, not number of tumors. High-and mid-dose PUVA levels combined.
In the 8 studies 6-13 we reviewed, among patients exposed to low doses of PUVA, the results are consistent with those expected from published population-based incidence rates for Europe and the United States. The incidence of SCC in the PUVA Follow-up Study 5 among low-dose patients is significantly higher than that estimated from population data. This finding may well reflect the substantial proportion of patients in this cohort with exposure to other carcinogens that are likely to increase SCC risk. 5 There are at least 3 findings that support a dosedependent increased risk of SCC in association with PUVA use that are consistently noted among all studies we reviewed. Within all studies with adequate data, the incidence of SCC is significantly higher among patients exposed to higher doses of PUVA compared with those with lower-dose exposure. None of the studies reviewed provide data to suggest that differences in the distribution of other risk factors for squamous cell cancer between high-and low-dose exposure groups within a study would explain the observed dose-related increase in risk. Also, the higher ratio of SCC to BCC among patients with higher-dose exposure to PUVA than patients with lowerdose exposure supports high-dose PUVA exposure as a risk factor for SCC. In fact, the ratios of SCC to BCC for the other studies are nearly identical to those noted for the PUVA Follow up Study in each PUVA dosage group. 5 As with all meta-analyses and secondary analyses of data, our analysis has a number of important limitations. First, there may well be factors not reported or recognized by us that might explain the higher risk of SCC among high-compared with low-dose PUVA patients in any study we reviewed. Such factors might include older age or a higher proportion of males in the high-dose group, factors that were only adjusted for in the PUVA Follow-up Study 5 and the analysis of Lindelof et al. 10 The proportion of patients with exposure to carcinogens other than PUVA is also likely to be higher among high-than low-dose patients. If one assumes a similar effect for other studies attributable to these exposures to that which was observed in the PUVA Follow-up Study, 5 the pooled estimate of increase in the risk of SCC for high-vs lowdose PUVA patients would be nearly identical in the 8 other studies and in the PUVA Follow-up Study.
Taken together, all the studies we analyzed provide evidence that high-dose exposure to PUVA increases the risk of SCC. However, because of the limited size of the cohorts exposed to high doses of PUVA and limited duration and completeness of follow-up, the number of patients developing SCCs is sufficiently small that these studies do not provide substantial additional data to address the morbidity of SCCs that arise in association with PUVA treatment. These studies also provide some reassuring information. At least within an average of 8.6 years and a maximum of 13 years of follow-up, 5 the pooled data suggest that low levels of exposure to PUVA are unlikely to greatly increase the risk of SCC. 
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